The study was carried out to evaluate defoliation patterns and to quantify leaf tissue flows in Alexandergrass (Urochloa plantaginea (Link.) Hitch) grazed by beef heifers receiving whole rice bran in three levels of supplementation (0, 0.5 and 1 % of body weight). A rotational stocking grazing method and two area replications were utilized. The experimental design was completely randomized following a repeated measure arrangement. The supply of rice bran to heifers grazing Alexandergrass increased the stocking rate by 13%. Regardless of the feeding system, the heifers grazed the expanding leaf blades in the top stratum of the canopy more frequently compared to other types of leaf. Leaf tissue flows, leaf blade intake and grazing intensity have not been changed by supplement fed.
Introduction
When tropical forage species are used for rearing of beef heifers, coupled with energy supplementation, they allow the reduction of age at first mating of heifers and increase profits per animal and per area. Alexandergrass is a tropical species of genus Urochloa, considered the most cultived genus in Brazil, approximately 85% of total cultivated forages (Moreira et al., 2011) . Alexandergrass has demonstrated its potential as forage for beef heifers (Sichonany et al., 2015) , allowing values of average daily gain of 0.734kg and the development of these animals for mating at 18 months of age (Oliveira Neto et al., 2013) . The use of energy supplement for heifers in Alexander grass could allow an increase in stocking rate, caused by a substitution effect of forage by supplement intake. This greater stocking rate can interfere on defoliation frequency of individual tillers and may modify the canopy structure (Hodgson, 1990) .
The understanding of the effects of additional supplements given to herbivores and their ability to change the sward dynamics of pasture requires knowledge of growth, intake, and senescence of the forage species through study of leaf tissue patterns. Determination of biomass flows can be useful so that different supplementation strategies can be adopted in order to use grazing lands as efficiently as possible (Eloy et al., 2014) .
Defoliation patterns of forage plants define the canopy structure which, in turn, is crucial for the forage intake process (Hodgson, 1981) . In situations of rotational stocking grazing method, higher grazing intensity directly contributes to a more efficient use of available forage and, indirectly, contributes to a reduction in losses by senescence and death of tissues during the period of plant regrowth (Gomide & Gomide, 1999) . Knowledge of the variables involved in the plant-animal-supplement interface helps to define management strategies that allow greater efficiency of use of forage produced (Gastal & Lemaire, 2015) , resulting in better economic results and zootechnical indexes.
In a study on Alexander grass, Eloy et al. (2014) evaluated biomass flows and defoliation patterns and found no difference in defoliation intensity of leaf blades when the animals received mineral salt supplements or not. According those authors, the interval between two consecutive defoliations on the same tiller is longer (one day) when the heifers received protein supplements, as a result of substituting forage intake by supplement intake.
Few studies have shown how the provision of energy supplements to beef cattle in tropical forages can interfere in forage intake and change leaf tissue flows. Therefore, the objective of this study was to evaluate defoliation patterns and to quantify leaf tissue flows in Alexandergrass, grazed by beef heifers receiving different levels of whole rice bran as energy supplement, under rotational stocking grazing method.
Material and methods
The study was conducted at the Universidade Federal de Santa Maria (UFSM), located in the physiographic region called Depressão Central / RS. The Köppen climate classification in the region is humid subtropical (Cfa) and the soil is classified as Paleudalf (Empresa Brasileira de Pesquisa Agropecuária [EMBRAPA], 2006), a type of Alfisol. The mean values for the chemical characteristics of the soil on the experimental area were: pH-SMP: 5.6; pH-H2O: 5.1; % clay: 21 m V -1 ; P: 14.4 mg L -1 ; K: 98 mg L -1 ; % MO: 2.36 m V -1 ; Al saturation: 7.4%; Ca 2 + : 5.3 cmol L -1 ; Mg 2+ : 2.57 cmol L -1 ; CTC pH 7: 11.9. The data of precipitation and temperature from December 2014 to April 2015 were obtained from the UFSM Meteorological Station.
We evaluated the intensity and frequency of defoliation and leaf tissue flows in Alexandergrass (Urochloa plantaginea (Link) Hitch) when heifers received levels of 0; 0.5 or 1% of body weight (BW) of whole rice bran (WRB). The experimental area (4.8 hectare) was divided into six paddocks and each paddock was subdivided into four plots of 0.2 ha each. Pasture was established through disking an area with an Alexandergrass seed bank, on December 5th, 2014. Fertilization consisted of 250 kg ha -1 of 5-20-20 formula (N-P-K) and three applications of urea of a similar amount, totaling 100 kg ha -1 nitrogen (N). We adopted a rotational stocking grazing method with successive grazing (five days) and rest periods (15 days), on average. Grazing cycle was characterized as the sum of the rest plus the grazing period. The rest period was established considering a thermal sum of 200 degree-days (Eloy et al., 2014) . The trial comprised four grazing cycles, the first cycle from February 6-22, the second from February 22 to March 10, the third from March 10 to 26 and the last grazing cycle from March 26 to April 19, 2015. For the morphogenic variables and tissue flows, to be evaluated in the vegetative period, two grazing cycles were considered cycle 1 = February 6-22 and cycle 2 = February 22 to March 10. For the beginning of grazing, it was established a forage mass around 2,500 kg ha -1 DM. The number of animals was variable using Angus heifers with initial age of 15 months and body weight of 282.11 ± 22.3 kg. Each experimental unit contained three tests and a varied number of put and take animals in order to maintain post-grazing canopy height (25 ± 5 cm).
The supplement was given daily at 9:30 am. The chemical composition of WRB was 89.7% dry matter (DM), 14.4% of ether extract (EE), 14.1% crude protein (CP), 69.3% of total digestible nutrients (TDN) and 76.8% of in situ digestibility of DM. To the supplement was added 4% of limestone.
Forage mass (kg ha -1 DM) was determinate by cutting the forage at ground level in places representative of the canopy height in area bounded by a square of 0.25 m². Forage from cuts was separated manually into its botanical and structural components. After weighing the samples were dried at 65°C for 72h, and, afterwards, the pre-grazing leaf blade-to-stem ratio and leaf blades mass were calculated.
The heifers were weighed at the first and the last grazing cycles with a 12-hour solid and liquid fasting. The average daily gain was obtained by weight difference of test heifers between the final and initial weighing divided by the number of grazing days.
The stocking rate (SR; kg ha -1 of live weight), in each cycle, was obtained by the sum of the average mean live weights of test animals plus the sum of the average weight of heifers used for adjustments in the stocking rate, multiplied by the number of days they were kept in the experimental unity and divided by the number of days in the trial period. The forage allowance (FA; kg DM 100 kg -1 BW) was calculated using the equation: FA = [(initial forage mass + final forage mass in the paddock)/2]/occupation days of the paddock /instantaneous stocking rate*100.
The tillers population density (tillers m -2 ) was evaluated in areas bounded by three 0.625 m² quadrats located in each experimental unit. Tillers were hand clipped at ground level and counted. This material was dried at 55ºC for 72 hours and then weighed; this weight was divided by the number of tillers to obtain the weight / tiller.
For determination of morphogenetic and structural variables, we used the technique of marked tillers (Carrere, Louault, & Soussana, 1997) and 20 tillers were marked per paddock. Evaluations were daily performed during the stocking period. During the days of paddocks rest, the evaluations were performed twice a week. The leaf blades size, the canopy height and the pseudo stem size were measured, in cm. From this information, the following variables were calculated (Lemaire & Chapman, 1996) : leaf blades appearance rate (LBAR, degree days -1 ), leaf blades expansion rate (LBER; cm degree day -1 ), leaf blades senescence rate (LBSR; cm degree day -1 ), phyllochron (degree days -1 ), leaf lifespan (degree days -1 ) and number of leaf blades expanding and expanded. The flows of growth (GF), intake (IF) and senescence (SF), the actual efficiency of use (AEU), potential efficiency of use (PEU) of forage, net balance (NB) and forage intake (% BW) were determined according to the methodology described by Pontes, Carvalho, Nabinger, and Soares (2004) .
The grazed leaf blades were identified, and measures of defoliation intensity and frequency were carried out during stocking period for determination of defoliation patterns. The intensity and frequency of defoliation were calculated considering an average of all leaves (intensity and frequency total) and, separately, for each type of leaf. The defoliation leaf blades intensity (DI; % length of the leaf removed) was obtained by the equation:
The defoliation frequency (DF; return days to the same leaf blade) was obtained by the equation: DF = 1 / (number of touches / (number of possible touches x duration of the evaluation).
In order to determinate the values of defoliation percentages, the average values of all types of leaves (leaf blade in expansion, expanded and senescent leaf blade) were considered. To calculate the defoliation number before the leaf blade senescence, the value of leaf blades lifespan was divided by the degree-days -1 accumulation value between defoliations.
To determine the daily grazing area (DGA), the paddock area was regarded as 100% and divided by the defoliation frequency average (number of days). The grazing area per animal (m 2 ) was obtained by GA= [Ap*(DGA/N)] *100 formula where: GA=per animal grazing area; Ap= area of the paddock; DGA= daily grazing area; N=average number of animals per treatment.
The experimental design was completely randomized with repeated measurements over time, with three treatments and two area replications. To compare treatments, variables with normality of residue were subjected to analysis of variance by mixed procedure of the Statistical Analysis System (SAS, 2013).
We performed a structure selection test using the Bayesian information criterion (BIC) to determine the model that best represented the data. The interaction between feeding systems and grazing cycles was broken down when significant at 5%. The variables were subjected to Pearson correlation analysis.
Results and discussion
Meteorological date showed that during the experimental period the average temperature was higher than the historical average in the months of February (5%), March (9%) and April (9%). Rainfall in the months of February and April was 29% and 5% lower, respectively, compared with the historical average. In March, average precipitation was 2% higher than the historical average. These values of climatic variables (Table 1) , however, provided suitable conditions for the development of the plants.
Stocking rate was similar (p > 0.10) when the animals received whole rice bran (WRB; 2,778.9±82.5kg ha -1 BW), regardless of the level, and 316.1 kg ha -1 of BW higher (P < 0.10) than the exclusive use of Alexander grass. Based on this result, the levels of supplement 0.5% and 1% were grouped into a single feeding system (Alexander grass + WRB). So, the treatments began to be regarded as two feeding systems, called Alexander grass (animals exclusively on pasture) and Alexandergrass+ WRB. The stocking rate did not differ between the grazing cycles (p > 0.10). Pre-grazing canopy height (41.8 ± 0.9 cm) and post-grazing canopy height (23.7 ± 0.37 cm) were similar (p > 0.10) in the paddocks of different feeding systems. Pre-grazing canopy height was greater in the third grazing cycle (50.3 ± 1.3 cm), intermediate in the second (42.5 ± 1.3 cm) and lower in the first and fourth cycles (37.2 ± 1.3 cm). Post-grazing canopy height was higher in the third grazing cycle (27.8 ± 0.5 cm), different from the second (25 ± 0.5 cm), which in turn differed from the first and fourth cycles (21.2 ± 0.5 cm). Post-grazing canopy height was used as a criterion for management and its observed values were according the experimental protocol.
There was no interaction for forage mass and forage allowance between feeding systems and grazing cycles (p > 0.05). Forage mass (3,963.5 ± 128.9 kg ha -1 of dry matter (DM) and forage allowance (8.3 ± 0.6 kg DM 100 kg of body weight -1 (BW) were similar in the paddocks of different feeding systems. The variables forage mass and forage allowance differed between the grazing cycles (p < 0.10) and the smallest forage mass (2,740.5 kg ha -1 DM) was observed in the first cycle. Forage mass in other cycles was similar (4,371.1 kg ha -1 DM; p > 0.10). The greatest forage allowance was observed in cycles 2 and 3 (9.6 kg ha -1 BW), and it was lower and similar in the other cycles (6.9 kg ha -1 BW). For animals receiving supplements the forage allowance should be twice as high as expected DM intake (2.5-3.0 kg DM 100 kg BW -1 ; Bargo, Muller, Kolver, and Delahoy (2003) . The forage allowance was slightly higher than the value described by these authors in booth system. There was no interaction between feeding systems and grazing cycles for the variables leaf: stem ratio, height of pseudostem, tiller population density (p > 0.10). The variables leaf: stem ratio, height of the pseudostem, tiller population density were similar in the paddocks of different feeding systems. The leaf:stem ratio was higher in the first grazing cycle, similar in the second and third and lower in the fourth cycle. The height of pseudostem was higher and similar in cycles 1 and 2 and lower and similar among themselves in the other cycles. The highest tiller population density was found in the third grazing cycle and the lowest in the first cycle without differences of the other cycles (Table 2) . Tiller production is influenced by the interaction of several factors such as light and nutrients. The similarity of forage mass and canopy height in the different feeding systems were probably the main factors determining the similar number of tillers that remained alive. We observed no interaction between feeding systems and grazing cycles for the variables leaf blade depth, basal and axillary tiller weight (p > 0.10). Leaf blade depth, basal tiller weight and axillary tiller weight were similar in the paddocks of different feeding systems (Table 2) . Animals concentrate grazing activity on pasture strata that mainly have leaves (Hodgson, 1990) and as the leaf blade depth was higher in the third and lower in the other grazing cycles probably, in the third cycle, the greatest leaf participation in the canopy was concomitant with increasing in grazing depth. The basal tiller weight was similar between the grazing cycles and the axillary tiller weight was higher in the fourth, and similar to cycle two. The second and third were lower in the first grazing cycle ( Table 2 ). The effect of the Alexandergrass phenological cycle advancement with an increase in the cell wall/cellular content ratio and the higher content of dry matter were observed mainly in the axillary tillers, making them heavier.
There was no interaction between feeding systems and grazing cycles (p > 0.05) for the variables leaf appearance rate, phyllochron, leaf lifespan, senescence rate and leaf expansion rate of Alexandergrass. These variables were similar (p > 0.10) when the heifers were submitted to different feeding systems (Table 3) .
The appearance and expansion rates and leaf lifespan are considered morphogenic characteristics and are influenced by temperature, nutrient supply, soil moisture and determine the sward structural characteristics (Lemaire & Chapman, 1996) . The product of the structural characteristics determines the leaf area index of the pasture that has high correlation with the responses of plants and animals in the pasture environment and it is modified by grazing management (Difante, Nascimento Júnior, Silva, Euclides, & Montagner, 2011) . The increase in the stocking rate, which occurred when the animals received supplement, did not cause alterations in the process of defoliation, thus changes in the morphogenic characteristics of the Alexander grass were not expected.
There was no interaction between feeding systems and grazing cycles for the variables number of green leaves, length of expanding and of expanded leaves. Number of green leaves (3.8 ± 0.3 leaf tiller -1 ), length of expanding leaves (14.7 ± 0.7 cm) and length of expanded leaves (19.7 ± 0.4 cm) were similar in the paddocks of the different feeding systems. The experimental protocol keeping canopy height and forage mass similar between feeding systems has resulted in similar sward structural characteristics. The number of green leaves (3.8 ± 0.3 leaves) did not differ between grazing cycles. Lengths of expanding (16.6 ± 0.7 cm) and of expanded leaves (21.8 ± 0.4 cm) were greater (p < 0.10) in the first grazing cycle. In the second cycle, these values were lower in the expanding (12.8 ± 0.7 cm) and in the expanded leaves (17.6 ± 0.4 cm). At every stage of development of the forage species, the structural characteristics of the plant may vary, depending on local availability of nutrients, physiological age of the tiller and potential response of these tillers to management practices (Paiva et al., 2012) .
No interaction was found between feeding systems and grazing cycles (p > 0.05) for the variables growth, senescence and intake flow and leaf intake as a percentage of BW. Leaf tissue flows (Figure 1) were similar when the heifers were supplemented or not, with average values of growth flow (50.9 ± 3.9 kg ha -1 day -1 DM), senescence flow (38.8 ± 3.1 kg ha -1 day -1 DM) and intake flow (58.7 ± 4.0 kg ha -1 day -1 DM). Pompeu et al. (2009) reported that, in rotational management with sheep, biomass flows components of Tanzania grass were hardly affected by different levels of supplementation, which had greater influence on leaf elongation rate, growth rate, accumulation rate and the residual leaf area index. Senescence flow was similar between feeding systems, regardless of the increase in stocking rate, because the type of management in use has ensured similar values pre and post -grazing canopy height between the feeding systems. Thus, shading in the lower layer of the canopy was also similar and did not interfere with senescence flow. According to Bircham and Hodgson (1983) , the process of mutual shading accelerates senescence of green leaves.
Growth flow (63.3 ± 3.8 kg ha -1 day -1 DM) and intake flow (68.84 ± 4.0 kg ha -1 day -1 DM) were higher in the second grazing cycle (p < 0.10). Growth flow was correlated with pre -grazing canopy height (p = 0.02; r = 0.68) and with leaf blade mass (p = 0.08; r = 0.55). The greatest initial height combined with the greatest leaf blade mass in the second grazing cycle may have maximized photosynthesis, as a result of greater interception of solar radiation into the canopy, thus leading to greater growth flow. Table 3 . Morphogenetic characteristics of Alexander grass in different feeding systems (Alexandergrass (A) or Alexandergrass + whole rice bran (A+WRB)).
*Probability between feeding systems, **Probability of interaction between feeding systems and grazing cycles, 1 standard error; 2 leaf degree -1 -day; 3 degreeday; 4 cm degree -1 -day.
The variables growth flow and intake flow are positively correlated (p = 0.01; r = 0.72). The increase by 64% in growth flow in the second grazing cycle resulted in a 30% increase in leaf blade mass, leading to an increase by 41.6% in intake flow in the same cycle. The similarity in senescence flow among the grazing cycles can be explained by the increase in defoliation intensity of senescent leaf blades in the second cycle, showing that the heifers have harvest a greater amount of leaf blades before the onset of its senescence. Leaf blade intake (2.4 ± 0.1% BW) did not differ between feeding systems and grazing cycles (p > 0.10). Due to maintenance of leaf blades intake it is probable that the substitution of forage by supplement intake, which increased the stocking rate by 13%, was caused by greater ingestion of the stems. The low leaf:stem ratio (0.83) found in the first two grazing cycles could justify this intake of stems. The substitution rates, in cool season pastures, when the leaf:stem ratio in these grasses is about 1.2, are around 25% (Pötter et al., 2010) . Although Alexander grass is a tropical climate species, its nutritional value allowed that the substitution effect took place.
The value of foliar leaf consumption (2.4% CP) and nutrient value of Alexander grass provided an average daily gain of 1.007 kg day -1 when heifers received supplement and of 0.865 kg day -1 for heifers exclusively on pasture. Rouquette Junior (2016) pointed out that forage mass, along with nutritional value (digestibility and crude protein), determines animal performance, especially in C4 grasses, which have a lower leaf:stem ratio as plants grows older.
For the variables net balance, actual efficiency of use and potential efficiency of use, there was no interaction between feeding systems and grazing cycles (p > 0.05). Net balance (-46.6 ± 7.4 kg ha -1 day -1 MS), actual (1.2 ± 0.09) and potential efficiency of use (0.15 ± 0.7) were similar between feeding systems (p > 0.10). The sum of the values of senescence flow and intake flow exceeds the value of growth flow, leading to a negative net balance (Figure 1) . In grazing cycles, net balance and actual efficiency of use were similar (p > 0.10). The potential efficiency of use was lower (-0.05 ± 0.07) in the first cycle compared with the second (0.38 ± 0.07), because senescence flow was greater than intake flow in the first cycle. According to Lemaire and Chapman (1996) , the efficiency of forage utilization in pasture systems can be defined as the proportion of accumulated raw forage that is removed by grazing animals before senescence and the higher the amount of forage produced, the optimization of the utilization efficiency corresponds to the minimization of losses of foliar tissues by senescence. By contrast, the opposite occurred in the second cycle; the potential efficiency of use was positive, because of increased intake flow, resulting in better use of forage.
There was no interaction between feeding systems and grazing cycles (p > 0.05; Table 4 ) for defoliation intensity total, defoliation intensity of expanding, expanded and senescent leaf and defoliation frequency total, defoliation frequency of expanding, expanded blades and senescent leaf blades. The variables defoliation intensity of expanding, expanded and senescent leaf, defoliation frequency of expanded blades and defoliation frequency total did not differ between the feeding systems and grazing cycles (p > 0.10; Table 4 ). Defoliation frequency of expanding leaf was similar between the feeding systems (1.1 ± 0.01 days; p < 0.10). In the first two grazing cycles, this variable was greater (1.1 ± 0.01 days, p > 0.10) than in the others (1.05 ± 0.01). This probably happened in order to maintain the intake of leaf blades, since there is reduction in the proportion of leaf at the end of the period of use of Alexander grass.
Average defoliation intensity (62.2%) is within the range described by Gastal and Lemaire (2015) in rotational grazing of 50-75%, depending on the type of management utilized. These authors reported that defoliation intensity in rotational grazing is dependent on stocking rate and length of the grazing period when residual canopy height is determined. Defoliation intensity of expanding leaf blades was 33.7% higher than that of expanded and senescent leaf blades. According to Pontes et al. (2004) , expanding leaf blades, because of the way animals graze and by the position they occupy in the tiller, are more likely to be consumed than older leaf blades. The defoliation frequency of senescent leaf blades was similar between feeding systems and grazing cycles (1.4 ± 0.1 days, p > 0.10). 1.4 1.5 0.4305 0.4676 0.05 ¹Probability between feeding systems, ²Probability of interaction between feeding systems and grazing cycles, 3 %, 4 days of return, 5 standard error of the mean.
Defoliation frequency in expanding leaf blades was 69% lower than in fully expanded leaf blades, reinforcing the idea that animals tend to select the upper leaves of the canopy. There was a negative correlation between stocking rate and defoliation frequency of expanding leaf blades (p = 0.009; r = -0.54), which also occurs when the pasture is managed under continuous grazing (Hodgson, 1990) .
Considering average defoliation frequency of 1.5 days, regardless of the feeding system, the heifers grazed, on average, 66% of the paddock per day. Also, with leaf lifespan of 334.4 degree-days and thermal sum between defoliations of 34.9 degree-days, each leaf was grazed 9.6 times while it remained alive in the tiller. In continuous grazing on Alexander grass with different supplementation frequencies, supplementation frequency was 5.7 days and each leaf was grazed 7.4 times while it remained alive in the tiller (Salvador et al., 2014) . According to Lemaire and Chapman (1996) , the proportion of leaf blades, which is removed by the animals before entering the stage of senescence, can be called efficiency of forage use.
Conclusion
The supply of whole rice bran to heifers grazing on Alexander grass caused an increase in stocking rate by 13%. Leaf tissue flows, leaf blade intake and grazing intensity have not been changed by supplement fed. Regardless of feeding system, the heifers re-grazed the expanding leaf blades in a smaller interval of time compared to other types of leaf, which allows harvesting of leaf blades from the upper extract of the canopy.
